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SAMPLING OF PATTERNS VARYING ON DEGREE 
OF SYMMETRY WITH SUBJECT-
GENERATING METHODl 
By 
KEN MASAME (JOt flY 
(Tolwku University) 
Symmetry is often measured and used as continuous variable in the field of pattern-
psychophysics. If this variable is suitable in psychological sense, we should be able to perceive 
symmetry as continuum. Masame (1986, 1987) examined this point through rating experiments. 
In these experiments, however, the used pattern-sets were sampled arbitrarily by the experi-
menter. In this report, the subject-generating method (Ichikawa, 1985) was used to make an 
appropriate pattern-set which was free from an experimenter's bias, and 875 patterns varying on 
degree of symmetry were gained from 25 undergraduate and graduate subjects. Some physical 
measures of symmetry were calculated for them. These showed well correspondence with the 
results of Masame (1986, 1987). These patterns will be used as population and an appropriate 
pattern-set will be sampled from them. 
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In the field of pattern psychophysics, symmetry is often used as a continuous 
physical variable (Chipman, 1977; Ichikawa, 1985; Yodogawa, 1982). In our daily 
life, however, we usually use symmetry as dichotomous meaning. Namely, this word 
is used only when an object is full symmetrical or approximately full symmetrical at 
most. If the use of continuous physical symmetry to predict the psychological 
variables, such as "goodness" or "complexity", is suitable in psychological sense, it is 
necessary that we can perceive symmetry as continuum. 
Masame (1986, 1987) examined this problem through rating experiments. Both 
results coincided with each other and showed that the ratings of continuous symmetry 
highly correlated with the physical measures of continuous symmetry. These results 
suggested that we can perceive continuous symmetry, at least, to some extent. 
The pattern-sets used in these experiments, however, were arbitrarily chosen by 
the researcher. Ichikawa & Gyoba (1984) stated that in the pattern psychophysical 
studies the results strongly depend on the methods of making or sampling stimulus 
patterns. If researchers chose them at will, these pattern-sets seem to be easily 
explained by the factors that the researchers regard as important. To draw a clear 
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conclusion whether we can perceive continuous symmetry, such pattern-sets that are of 
wide range of degree of symmetry and free from a researcher-bias should be used in the 
experiments. 
In order to make such pattern-sets, Ichikawa (1985) proposed the subject-
generating method. In his study of pattern complexity, he asked the subjects to make 
a series of dot patterns according to some grades of complexity. From these "first 
order" sample patterns, "second order" sample patterns were randomly chosen. And 
the other subjects were asked to rate the complexity of these "second order" sample 
patterns on a seven-point scale. 
In this report, the Ichikawa's subject-generating method was used to gain "first 
order" sample patterns for further rating experiments about the perception of continu-
ous symmetry. And these patterns were analyzed for some physical measures of 
continuous symmetry. 
METHOD 
Materials: As shown in Fig. 1, seven 6 X 6 matrices were drawn on a white steel 
board horizontally. The numbers 1 through 7, representing the grades of the impres-
sion for degree of symmetry, were written below the matrices. Another 6 X 6 matrix 
was drawn above the fourth matrix. The size of the whole matrix was 6.6 cm X 6.6 cm 
each. Above each matrix, 12 black magnetic disks, 0.8 cm in diameter, were 
positioned and were used as dots. 
Procedure: According to the following procedure, subjects were asked to make a 
series of 12-dot patterns corresponding to the seven grades of the impression for degree 
of symmetry. At first, the subjects were asked to make a full symmetrical pattern on 
the upper matrix. This pattern was regarded as the basic pattern. And then, the 
subjects transformed this basic pattern and made a series of 12-dot asymmetrical 
patterns corresponding to the seven grades of the impression for degree of symmetry. 
Figure 1 shows the example patterns generated by a subject in a trial. The subjects 
performed five trials each. In each trial, the subjects were permitted to go back and 
forth from one matrix to another, and they were free from a temporal restriction. 
Following two instructions were emphasized for the subjects. First, each basic 
pattern should be able to be noticed its symmetrical structure spontaneously, although 
it was allowed to have any type of symmetry. Second, to make a series of asym-
metrical patterns corresponding the seven grades of degree of symmetry, such a 
strategy, that numbers of symmetrical dot-pairs simply decreased, was not allowed for 
the subjects. 
Subjects: The subjects were 25 students, graduate and undergraduate, of Tohoku 
University. 
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Fig. 1. Patterns generated by subject Y.S. in trial 1. 
RESULTS AND DISCUSSION 
The subjects generated 875 patterns (7 patternsx5 trialsx25 subjects). There 
were six pairs of identical paatterns. Although the subjects mere asked to make a 
series of asymmetrical patterns, 12 full symmetrical patterns were generated. So, 857 
different asymmetrical patterns were actually gained in this experiment. 
As the basic patterns, 125 full symmetrical patterns were generated totally. The 
total number of the basic patterns for each type of symmetry was as follows. 
Twenty-three pattens contained four components of symmetry: vertical, horizontal, 
diagonal, and 180· rotational. Twenty-three patterns contained three components of 
symmetry: vertical, horizontal, and 180· rotational. Five patterns were symmetrical 
for both diagonal and 180· rotational. Fifty-six patterns were vertically symmetrical. 
And there were four horizontally symmetrical patterns, five diagonally symmetrical 
ones, and nine 180· rotationally symmetrical ones. These results corresponded to the 
findings of the detection experiments of symmetry (Barlow & Reeves, 1979; Julesz, 
1971; Masame, 1983; Royer, 1981), and these seemed to somewhat reflect the 
detectability of each type of symmetry. The findings of the detectability of symme-
try show horizontal symmetry is more salient than both diagonal one and rotational 
one. The number of the horizontally symmetrical basic patterns, however, was almost 
the same as one of the diagonally or rotationally ones. Figure 2 shows the examples 
of the diagonally symmetrical basic pattern and the rotational one. In these patterns, 
we can notice the diagonal symmetry or 180· rotational symmetry easily. A future 
study about the detection of symmetry will be necessary to examine about these cases. 
Whole symmetropy (WSYM), saturation of symmetry (SAT), and sub symmetry 
(SUB) were calculated for 875 generated patterns3 (for further details, the reader 
3. If a reader will require the data of these patterns and the results of calcuration, request for the 
data shoud be sent to the author. 
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Fig. 2. Examples of diagonally symmetrical basic pattern and 180" rotationally one. 
should refer to Yodogawa (1982) about WSYM and Masame (1986, 1987) about SAT 
and SUB). For saturation of symmetry and subsymmetry, vertical, horizontal, 
diagonal (upper-right and upper-left), and 180" rotational symmetry were calculated 
independently (the types of symmetry were abbreviated as V, H, OL, OR, and R, 
respectively, and these abbreviations were added to the behind of the abbreviations of 
SAT and SUB). According to the grades of the impression for symmetry, the changes 
of WSYM, SAT, and SUB were shown in Fig. 3 to 5. As the impression for symmetry 
is weakened, WSYM is increased, on the other hand, SAT and SUB are decreased. 
The decrease for diagonal symmetry and rotational subsymmetry, however, are not so 
clear. As shown in Fig. 4, the size of the largest diagonally symmetrical areas (both 
upper-right and upper-left) is relatively small, as compared with the size of areas for 
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Fig. 3. The effects of impression for symme-
try upon whole symmetropy of patterns. 
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Fig. 4. The effects of impression for symme-
try upon the size of largest symmetrical 
areas of patterns. 
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Fig. 5. The effects of impression for symmetry upon subsymmetry of patterns. 
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other types of symmetry, vertical, horizontal, or rotationa14 • In generating patterns, 
the subjects seemed not to take into consideration how diagonal symmetry was in 
patterns. 
One-way ANOV As for whole symmetropy and each type of sub symmetry were 
carried out to determine the effects of the impression for symmetry on these physical 
measures of symmetry. For each measure, ANOV A showed a significant main effect 
at 1% level (F (6,744)=131.38,46.52,24.52,5.55,3.71,9.77, forWSYM, SUBV, SUBH, 
SUBOL, and SUBR, respectively). 
Further comparisons by Tukey-test were carried out for each physical measure. 
For WSYM, the differences between each grade of the impression for symmetry were 
all significant at 5% level. For SUBV, the differences were not significant, when the 
impression for symmetry was weaker than the 4th grade. The differences between the 
4th and 6th grade, and between the 4th and the 7th one, however, were significant at 
5% level. For SUBH, the differences did not reach the significant level, when the 
impression for symmetry was weaker than the 3rd grade. The only difference between 
the 1st and the 3rd grade was significant for SUBOL, and the difference between the 
1st and the 5th grade was only significant for SUBOR. For SUBR, no significant 
difference were gained, when the impression for symmetry was weaker than the 3rd 
grade. 
Although the differences between each grade for whole symmetropy were 
significant, such a tendency, the weaker the impression for symmetry was, the smaller 
the changes of the physical measures were, was shown at least for subsymmetries. 
This tendency seemed to suggest that the subjects could not represent the changes of 
degree of symmetry, when the impression for symmetry was weaker than a certain 
4. For subsymmetry, because of the differences of using windows for calcuration among the types 
of symmetry, relative weight of the symmetry types for generating patterns could not be 
compared directly. 
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level. This level was probably defined independently by each type of symmetry. 
And this tendency seemed to correspond to the findings of Masame (1986, 1987), which 
showed a certain limit exists to rate degree of symmetry. 
To investigate this limit of rating symmetry and its relation to the types of 
symmetry, further rating experiments should be carried out by using an appropriate 
pattern-set, which will be sampled from these subject-generating patterns. 
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